(19) BttMMFff ( J P) (12) & ' H 4# It & # < A > 



(lD^WB^SIS^ 
#082000-332343 
(P2000-332343A) 
(43)&HjB ¥J*12*P1U!30B (2000. 11.30) 



(51)Inta.' 




F I 


f-73-r(##) 


HOIS 5/042 




HOIS 


3/18 6 2 4 5 F 0 4 1 


HO 1L 21/52 




H0 1L 21/52 D 5F047 








B 5F073 


33/00 




33/00 E 








*g»& U*ffl©«17 OL (ft. 20 10 


(21)fllH»^ 


#H¥H -140946 


(7DWKA 


000005049 










(22)fflKB 


¥j£ll*p5/J21B(1999.5.21) 




^Rfl?±KTppg<gl?KSffiBr22#22# 






(72)&9i# 










*E^cK*Rft!?Kg«l"lr22«22^ 














(74)ftfflA 


100103296 








#«± mm 






F*-A(£#) 5F041 AA33 AA41 CA04 CA05 CA34 








CA46 CA82 CA85 CA86 CA87 








CA92 CA98 








5F047 AA19 BA06 BA17 CADS 








5F073 AA13 AA45 AA74 CA17 (£05 








CB22 CB23 DA30 DA34 FA14 



(54) KM©**] ¥&#36ftgi8*«k^©«&ftfc 



(57) [Sft] 

m^SrlS^ LT T 7 -f * >- h f £ £ t J: 0 ? x^-g 
£ t fc J: 0 . HulEm 1 O^RM»IW(c»»$ 




110 112 



!(2) 000-332343 ( P 2 0 0 0 - 3 3 (JL8 



mmmmtKmswm&^-vTb. mm&t 

5 n m&± 1 2 n mlSTFC* « > JR 1 O&JgffittftfigS 

sis. 

mfoj\yy£xmisiix%z¥&#m3m.izt5^ 
x. 

an 2 nmjar*c*o, m2cr&mm<omtfox'& 
o, mw^yywm. ^m^2<o^mt^yyb^m 
■smmtfiztLX £ t **mt -th^mwrnm 
a. 

mms\ mn&>\yytfint : ±j8.ftbLx%'). 

mimi<r&mt. Ti^Zr.Cr, Mo, W, F 
e, Zn, Cd, A 1 WvtftaWMfA/CfcD, do, 
191231 2 O&Jgti, Ni, Ag, Au, Ga, I n, S 
n, Pb> SbWfh.frZ&A,X'%hZb*mLtt 

msmi£t:\i2£§m?>!mmms. 
immi M&>^yyfi l Pbz±jtiftbLx%'). 

ffisffilCO&m\i. Ti,Zr.Cr,Mo,W,F 
e, Ni, Pd, Pt, Cu, Zn, Cd ( A 1 <ZHvf 
*l*»fc*A/?$r9, 1*91235 2 <9&gtt, Ag, Au, I 
n, Sn. Pb, SbOV^-m*>S:^T=S:l>£i:S:^ 

mt-ti . n*« i 2*1*2 (ciett^N^itiisex. 

[IWW5] Mi2Ay^Sn£Mj£#iLT&>r, 
191215 KO&mti, Ti, Zr, Cr, Mo, W, F 
e, Zn, Cd, A 1 ^Vvftu^^A,-?* 0 . 1)91253 
2<0&JgJi, Cu, Ag, Au, Zn, In, Sn, P 

*JB 1 * fctt 2 te!2S^^ttf£fcgg . 
{ff^JS6] friBAy^AuSr^^tLT^O, 
lineal <0&Jgti, Ti, Zr, Cr, Mo, W, F 
e , A 1 (Wm^S/CT^ 0 , li9f2S52<7>&H»i, 
Ni, Pd, Ag, Au, Zn, Ga, In, Si, G 
e, Sn, Pb, SbWftlfrZilAsTKhZbZft 

®b?& , mm i zt:\i2 iztmvftmwmsm.. 
[mm i wmmsLb *<r)±.\,zm j tt>ixK*m& 

^x^-mmm^^^-mmcommmmx'^ zm 



sawrs, mia&m}i£vm2<7>&mmi$& 
mnffltzim ix r ? 4 * v n-r & £ t 0 •> x a 

[M#R8 1 meaaaK*. tn 1 e&mbm2<7>& 

imx$> hzb m&btmm. 1 izimmmfc 

imm9] mffiamxm&%m#i-'yT0)£miz 
m*hx^zzb&mbt&m%8£sm<wm 

mmi or m^wmm^-v~r*wm* 

£ fcfcj; 0 , itriem 1 <D&m*muzm?is-&. *» 

o, |JflBm2^JlM{iAy^(c^LaArBfIfe i t i # 

[H*« 1 1 3 mvmmzhvim 1 co&mm® 

JS#, 0. 5nmiiLhl 2 nmJaT:Cj>l>£ £ £#8ti: 

Cffi^JB 1 2 3 flnffiSMt(c«3»i-«HI 2 (O^HR^M 
J?#, 3nmJ,Xh2 5nmOTt'J)l»£t^®t-r 

[M#g 1 3 ] l5ie®igi5^^7^®{c£y)|,BS 
#2 0%JJITT*S£ *Wkb+hmBLBl&3te> 

[mm 1 4 3 m&vsrtf i n $r±^^t ix% 

0, Kftemi^JSli, Ti, Zr, Cr, Mo, W, 
Fe, Zn, Cd, A 1 MvftltP*1S&T!t t ) * ^16 
W>2<?)&.Wi$s N i , Ag, Au, Ga, In, Sn, 
Pb, ShMxft&titAtthZbtcW&b'i-t* 
mmi. 8, 9, 10, 11, 12, 13, 14, 1 

5, 1 6<r>^-rtii)Hzmcom^msm<r»m^ 
immi 5 3 wws#p b zzmb lx% 

0, mffilO&WZ. Ti, Zr, Cr, Mo, W, 
Fe, Ni, Pd, Pt, Cu, Zn, Cd, A 1 W 

-m*>££-/t'c& o , mm2 commit, a g , a u , 

In, Sn, Pb, Sb<7)\,^-ftl.frZ-£A,X'%hZbZ 
fflkb-th. IS*ffl7, 8, 9, 10, 11, 12, 1 
3, 14, 15, 1 6WttlfiHZ*ffl(0*mftm3i 

[mm 1 6 3 fflBWtftfS n Sr±^^t UT* 
0, B?IS^l<O^JSIi, Ti, Zr, Cr, Mo, W, 
Fe, Zn, Cd, A 1 OV^*>$-^T'^0, WS, 
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S52C0&JRIi. Cu, Ag, Au. Zn. i n, Sn; 

p b . s b cov^-r nfr*£A,~c%$> t t tmib * & . 

fS*^7. 8. 9. 1 0. 1 1. 1 2, 13. 14.1 

imm 1 7 j mv^sywA u % 

9. 191^1 <9&JSJi. Ti , Zr, Cr> Mo. W. 
Fe. AlcOVvfftfrfc-SXT'&rK flriaS&2<0&Jg 
Of, Ni. Pd. Ag. Au. Zn, Ga, In. S 

1. Ge. Sn. Pb. Sb^-rtlfrZ&AsX'KZZ. 
tZWSSLk-rZ. »^3S7. 8. 9. 1 0. 1 1. 1 

2. 13. 14. 15. 1 6Wvfft#>Cfa®c9¥$tt 

[0001] 
[0002] 

[t&IW&lf] GaN. I nN. Al W&JW*Jt6<0 
rotS. fcHPPl 0-10 7 3 84^&«fcBB*J«<lfc 

mw.*7Fti>v>x'hh. Htfcwc. 71 

3. 7 4li*»»U~1f*f(cfc«jtttlM-6fc«>«« 
ffi. 7 5lit-hxy? . 7 6ttAHA»fe 

iiitm (a^) -cfeo. 7 7immm 
cr>m®mmzB&ztite&mx'h& . &«R7 7* 

T^S. Ti . C r. W. N i . Zr. Mo. A 1 . V 
*jWH5£3*U **>«»i 0 . 1-0.2 ju.mT**". 

mMmLvim&mz. mmtzmim&mtt 

[ 0 6 0 3 ] ioi 3fc. *«*p-if iaBi. KTfc' 

[0004] t7T^f 7*^)|WHWaR7 1 ± 

■(SUM) fc. 9fttt0^^6&&£ffiiR7 2£ 

3. 7 4^$r^fi£t^ , 7xM-$-jga^Bg-rs. -?-cD 



f&. ^xA-<9gwiciJe&jgf|7 7 &JIEVS9ICJ: 0 
T, ^xA-£#gij-f 9. fll*OW-1ff-y 

~?<7)*m% s y -m *> R^fcrjB^-r s i t 'm s . 

[0005] 

[0006] ±tB¥«ftu— fmt^mj.mzi5\i\ 
-*\s-*M-v?wmtm. mfccomwizx?? 
<. wmiz*?y4 ym&M&itttf&mzftmx 
> ^<n/mmzM$& titi u—?<nmm 

ffltfi. &mm7 7i)mmztix^htzMz. 7xa- 

•f. ZcottX'ii. m<7)tm*Ty4*>hi-&Zbi} i 

t. v-irmmcwkmmmx'Kti^tz. *m 
i±. i--y7ttmxmztmz>mfimz%ffiL. t*» 

[0007] 

[0008] *mcom#m,m&3.. mzmL 

•vrtmfcmzTizLxiffimk^yyizxmzti 
x%&¥m&%mwizt5^x. mw£m*+«/7 

kHyfbftmzK m-tfO. 5nmtLhl2nnim 

^+tti. &2<r&mb>\vyb<r>m^wmtf&tix 
^izb*^b?h*m&^tommmt, mm 
zmsib, *n±.izmtbti£*mmfflmmt:¥ 
mftmrn?? r t . 3mm& b&mt. *m&%% 
v rmxm* Tt= tx^wm^ >nzx® 
%zixx%h*mm?mmizt5^x. *m&wem? 
*>y7b^yyb<r>mztt, micr&mmb, m2n± 
mmbwitmzti. mi<D&mbm2cr&mm\m& 
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x-h *) , * 2<oftjuK>iwfttO'?& 0 , m&\>w> 

Kli. t^2««fcAV^fc*8teftjWftft3*vt 

[ 0 0 0 9 3 4A«0¥^mHB2. MB/Nvra* 
ln*±rt#fcLTfr9v»K»loaiWt, Ti, Z 
r, Cr, Mo, W, Pe> Zn, Cd, AlcOWffl 

0, ME»2(0^||li: N i, A 
gvAu.Ga, In, Sn. Pb, S b <0Vvfjfts&>'£ 

[0010] *m<vm#mmii. w&\*r# 
Pbi±jmtLx%*), memiK&mi. ti, z 

r, C r. Mo, W, Pe, N i , Pd, Pt, Cu, 
Zn, Cd, A 1 <0Vvr*ia»fc*£Tfc9 . fifffiSS2?> 
&S(i, Ag, Au, In, Sn, Pb, SbW^ffl 

[0011] *mi<&m#mgis.tt\ m&s^yyw 

Sn£:±j&ftiLT&9. iwfBSiSl^JKti, Ti, Z 
r, Cr, Mo, W, Fe, Zn, Cd, A 1 <7)\,Yf}\ 
jWMfofWtD, ffla»2»AiB4. Cu, Ag, A 
u, Zn, I n, Sn, Pb, Sb<9Vvftl#>£4X/C 

[0012] Wjto^ttfBtSm^ HEW 
Au^i^^-fcLT^O, liTlE^l^Jlti, Ti, Z 
r, Cr, Mo, W, Fe, A 1 0>\Y?tdj>&isA,"&i: 
9, BUie^2^JSIi, Ni , Pd, Ag, Au, Z 
n,Ga, In, Si, Ge, Sn, Pb, SbOVvf 

[0013] *^<04»^fB^ia^»Ji^i; ss 
1 <D&SJ&fc £tf?iS2^feJB$|££tf£Ji3l£i&«t£I 
SIS**-?-!. £ i: 1-4 . 

[0014] *mn^&m8m.(?>w&mz. «r 

[0015] *^<Wlflc|63l3IS^i8tJrfttt, fif 
[0016] *fSBJ<^tt?B^fi^i^rft{i, fir 

LTSJWtfetwwtu mm& z 1 k j: 9 , firia^ 

10&g||g£iattfc:gi#3-£, fifiBSI2<9&JgjB? 

jiny rmfr La^■c|jfe^flslBt*^f■ >y r *fir 



[0017] *^B^>^Ni*ifej^is<oi8i^ii, fif 

K3&&£&ftimi«>&JNKIinWStf* 0. 5nm& 

± 1 2 n m jar?* i z t ska . 

[0018] *^co^*fBtHffl<OlSi^{i, fif 
Ejmfc£tt6Jg20£IUtoR9ft<* 3nmJ2Lh2 
5 n mfelTT'S) S Z b ZWlb 1 1 . 
[0019] *!6B^)^«c5&3^g<OS!Bt*i£<i, fif 

zb&mb+z. 

[0020] *mwmm;mmnmi&m& m& 

>\vy# i n *imb UC£ 9 , firie$ l o*Wi. 

Ti, Zr, Cr, Mo, W, Fe, Zn, Cd, Al 
wrttirZ-£A,V%*). firi2m2£>&Jgtt, Ni, A 
g, Au, Ga, In, Sn, Pb, SbWvtfflfrfc 

SAtthzbtrntb-th. 

[oo2i] *wn<r>^wm&mm&}m&, ® 

tissyftfp b £±j£#fc LT& 0 , fflEg 1 
tlTi, Zr, Cr, Mo, W, Fe, Ni, Pd, 
Pt, Cu, Zn, Cd, A 1 <OVvf*ia»£"grA/Cfc 
0, fiffE3S20&Jgfct, Ag, Au, I n, Sn, P 
b, SbcOlvfiia>£^T'&S;:i£ffgit-fi,. 

[0022] *mwm*m^<MB&Jimt. m 
W\>y&s n * ±&%b lx% 9 , fines* 1 <o&s 

li, Ti, Zr, Cr, Mo, W, Fe, Zn, Cd, 

Aiwwmwu. firie^2^ja<i, c 

u, Ag, Au, Zn, In, Sn, Pb, Sb<9Vv$* 
tvtf>i4*A.TQ:.&Zb imtfti. 

[0023] *mnm#m&9.<omimt. m 

K/s>r#A u £±&#fc 9 , finem i <?&m 

{i, Ti, Zr,Cr,Mo,W, Fe, Al ff)\,rftl 
*>£-&X/e>5r9, firia^2c7)^JR{i, Ni, Pd, A 
g, Au, Zn, Ga, In, Si, Ge, Sn, P 

b, sbco^°nifrz-£^x'%&zbimLbi-&. 

[00 24] fr*. *WMMWc*JV>T» nyyttt, ^ 

x<r)8&izR^t>timmm.4 5 o°c&.t<?> 

[0025] 

^zm.imwmw^nmwi 0 2«£$fvo%!,. 

^^S, a«^r^«:OSl*l 0 2^Bfc:Ji. nl 
ffil03, pmflil0 4*i|g<t^^tV^. JU±*«, * 

•f* . y rcoa^ist'fe 9 , zcommiz^x *x\$®m- 
tmftis-vi-vromx'bzy? Termer 
tBfcti, m 1 <o^sfs 1 0 5^ig^ntfc 0 , $ a> 
fc, »«s«ci io±, fifte^io^JSKiostofa 

tc/Nyri 1 2*^4$tLl»c:i:t«k'5, ^#f*u-if 
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n«®io3{i. ■$$mfo<n-®tv4*\ i3tc-cm 

tti^^sfti i ofc{i^§^Ha5«^pt«^ 
#u-irm&£isvt>tmft <y rwmx 

[0026] 02ii*HSS»m®{Cffl^^^«c^— f 

y7-£fll<7>£J#-gttl 1 0fcV^y^*tiJ<0#ifl£ 
SLTV^. Hfcfcvrc, gfcfeiSW3««*>»JlttlO 
2(i, ^T'f Ta«cM*^II^ A 1 Ga I nNA* 7 
7rl201, n-AlGal nN3y^? hJ"*2 0 
2, n-AlGaInN?57V1203> n-AlG 
a I nN#-< K12 04, A 1 Ga I nN^MMrf^fP 
*gftl205, P-A 1 Ga I nlW FJI206. p 
-A 1 Ga I nN?9>y KJI207, p-AlGaln 
N3y^^M2 0 8*^B§fLT^§^"CV^|»„ P 
?9>y KJl2 0 7:BJ:tfp3><??hB2 0 8£{i, * 
SSfcfrflfcJgfrLfc;* b 94 Tl^cO'J y ^'2 1 1 jWRft 
6*U P«fiH0 4t^k!fism^*oa®«cl 
0 2tco^Wi. 'J y^gg^BfcVvc, 1 0# 

£WLTVvg>. a^SfMNMu0«Wfcl0 2O 
!Sl0 3*<n-AIGaI nN3>^? bJI2 0 2K 

7<mwmwim 1 i o 5Avm 2 o^sjs 1 

.-0 6rtRft&fVCt>t. 
[0027] JUTtc, 0 1 fc<J:VI22 

[0028] umiz, ^ftm^cvmizm^tix^ 
irx3-txims.mmix. ^yr^rmii o i± 
.tc, m 2 izyjk itixo %m« cvmfcu-mgtfm 

it 3 5 otimx-b*), mim&tmfonmmfti 020 
[0029] mz. mtvmmzum u:J- 3 tz. 

7r-f7S«10 1c7)SHII!l*^. WSt>L<«x>y^- 

3^40-1 2 0umm%.txtzm<mm-z>. zti 

it. &<9IgT\ ^xA-Sr^SiJLffl^^W— f-^-yr 
-fSffiS5-t^SiM(^JS'n»*&tc(i, 3 5~8 



JWefcwett. fM0«£fflVvC?x/w9JS*£ 1 0 0 

umizm&i. zco®. ^mmim^x5 0umtxm 
iu. ^^-<Dmmimmmzi:*)m^tix^ico 

x-yf-y^^-y. ipso m%izmx 

[0030] ^xA-SW;$ 1 (D&m® 1 0 

5. %2<o&mmi 0 6zmmf8.it:. zzx. mi 

iO&lH 1 0 5 tf:2fltt'*>W r 4 7fc®*tt#J: 
<. k—r^>y7-^V>yh-rS|g^Nyri 

»2<0A«m0 6(Cli» h<r)ig(c, ±&s>? 
1 1 2bW&L«?t\,'>4t&$:MM-tl>mtft>h. #H 
MW»WBfc*V vCtt, m 1 O&NR 1 0 5 fetiM* 3 n 
rn^MoS;, m2<r)&&m 0 6 toim? 1 Onm^A 

mmx-itzozmm^fctf. ixyrxs-Tiyrm 
?®m<rm<r>%m:m^x i>&^z t&wo t 
xt>zw v*Js-mBtzmft>tvkz.tit>2M9>&m 
ma. itmzmwx. VxK-<Q8mv&frt>v*>\- 
lx smwmiNzm&iwtt* z t tux* 

[0031] *v?fffl£WiZX 0 , ^iA- 

Z®*C0*mftl'-'f1--y7l,Ztt®lK:. Z<?>xnii. 

OToiptiutuc. mmmi±tzLxxT-i''±iz 

y H>K>f > hXXfyJ 7vA ®Mim. 
it, m2iZH^XB^2 2 0T*^StlTV^|,V-^-y 

vrzimuz. zz\TitA?y4t'y?mizx&i-y 

TttPlxmz^XWMLtitiK m 

*$iM\x*v7*ttmzimx't>tu£. wmzr? 
■ityhiMmx-h*). z<r)£o%m<&tmm^x 

— f ^ vuvyym. Six^;u=5f-g?e«7) w-tf 

ir r ri/- >- 3 ya^Srfflv ^ t> , raawcf - >y 7##ji 
mmmxh-o-^. 
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[0032] ZCDJa o fc, ##flte*JV*T.tt. MW%m 
+v7*3mm±kW>hlt:. znxm*. J2IT 

oxotzmiti. t-f. mi£^zti&mmi i 

OK, Ay^i i 2£f£?|iL£. *^»«;t>n 
t> 1 0(iCutU<(iFe^±frt-rS^ 

-e<OM^SiimcOJ?^(il~2 0/zmgJST'J>-?^. A 
<&SnZ£Mttbt&^>y<0®£(r)J;olz. m&z 

m^^mtxumu j\y?mvtzbz?>x\ ±im 
bti*:u--?i->y?zmmTizbxmit. s^fc. 

&mmo6t^>yi i 2t*£<mmittz. zti 
izzto.^e&mmi^yywzmmv. m2<r>m 
mt®b^yytt®tcoi!&i)K muzTfiZtih^yy 
i i 2<o-a5K^§n^. *cr>&. iztmftzftw 
u ^yytmtitzbz?>x'*xm®it:. z 
zxit. xxumz^yyzi&mkfflizmKtf. m 
tcv— f+ v rm&mi x 1 t ix *> x w 
[0034] zoix.mi ttit&xmwm&fi 

[0035] ±iaxstc«t wvyhZiifcu— 
7*3ffimfr(i>mimz3\mtfix. nmmftm 

It. \lbLZtf)syy\ 1 2te*»t&X/CL4-»T»-j 
■OvfrV* (1-v7ffi®Ucr>-mzM.t>tL&^yybe>% 

mcot^yr^rmizwmLx^x^tz. 

*m&mi&cvm#u-i t mmzi$^xtt, 
m*±.iz. t\y? (fzfzi. m2<r>&mmx-b&Autf 

.-*fcW*fflwt:CV>* ) &iXfffl$.3 n m^M o *^^r 
6 ft 1 O^JRIS^^LT^frU— f f - >y 7tfW y h 
SftTVtf:. ifc.-^LfcftitfteWWi* Wkb<r> 
®m&ff&ft%i>0)X'br>fc. zcr>£o%ffiMzb&. 

Z*>. 3 0K/WT'*oJt„ 

[00 36] :«itWW5ftfeC A u ft 

2<?>&mmcr)fmm>mzz o . 5//mfc^3tffi«* 



s^fcj±^rig-c*o^. wyhZtvfz^-iFTvr 
zmmMmMtfix. mm^mmm^i 

bZh, Au3&>4»*4»2<%M«B4««fc:»»UT*J 

*>«ifc. ^iffic^ssco^ftw— mmz& 

fia;<ofit txn. m2cr&mm+ft%&z turn* 
uzw&b\mnix'hhzbmmLtz. 

[0037] M o 1 

* o . i txtnb &iizmt*mM<mmb wm<7yumx' 
mit:ftm*m#)/-?mw2zmi. m&zm 

MUzbZZ. 3 5K/WTS>ofc. tfz. ZVXotZ 
■mm&W<W®.Uz<?>X\ x?5'f/lS^xn 

-wmx vmmmzmfr&zbi$*sjmx't>^. 

&z<D*tm?vx^tzzbi*. *$m<mmbmtx' 
*-53t. znxoiz. me>$mmm<mmhz\b 
x. ^m&mmbimtx. tttz, *>r*»Ttt** 

[ 0 0 3 8 ] ft 1 O&jRffijOtff-lS-N i kjjgtfcJiWi 

*gmmmb ftmojjmx'm. itctfmtmftu—r 

Sill3?&fMlU»'IMSa4»eUfci:i*, 60K/W 

\^i><r>x'&&. z<o£otz&mm$m>xn<Bisti 
t&x\ ztyjyimmzvx^-mmxommffim 
tmntzbrnrnx-b^t:. wyhztv/zu^v 
i-yTzimmfrwmtfLx. mmmftomtz 
wvz bzb.m o&max vw, 2 <?>&mmb m 
fttxab?, n\m#L\iz^hi)\z#m<ri 
Bmom&bimixmbxmfritz. ztnt. mm 
£v%2co&mb t>tzmmfrixBiMMmnx'% 

S(3fc'S<. tit. micr&mwibix, wy^Hz 
^yymmAsX-itotfmmLLtztzMz. 
y hxgff izm 1 a * vm 2 <n&mwkb t >\ y nzmn 
2^x'L&w •?<>-yh®cr>%mmt l zt$^xw\yy 
b-f7r^rm.b^mmmLxuhzbb^*). ^ 
x. m&nbis-vi-vrbcotim&imrL. m 
ffifiu^iijp ttz i <r> b ttmztitz . 
[0039] ft 2o&mmzm uz&Mi. *nst<o 
mb momx-m uzttmm&u-*mw4 z 

fmtizbZ^. Wyh tiHzMtftiX Ltd 
?SL>t. ztite, wymizs\yyb%j&'tz&mi& 
w-mztuzizibtz. mtc^yvt^&btoiz 
zbizz&bm&ztiz. 

[0040] &±(ommiwm-?> b * 0 t&i. . 
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&x'ith%^ttmmfc$h®gti t h&. ztat. ft 
t, ftumt. ^yytmrnzbrnmitztix^ 
bxh&. z<r>&*,z%nLxn«<r>&mtmmLt: 

bZb. ^yy#\ n*$&ftbLX%Z>b*iZ\t, ft 
l<0&gffi?i:bTTi, Zr'.Cr, McW.F'e. 
Zn, Cd > A \<r)\,mifrZ%A,x$k&l,lZb%lz& 
m&mWbtL. ft20&JRJgfcLTNi, Ag, A 
u, Ga, In, Sn, Pb, SbDVYfft&fc&X/C 

mttzb* iz&m&mmctit: . s&t, 
#p b i±m-b Lx%t b zut. m 1 <?&mb t 

T, Ti> Zr> Cr, Mo.W, Fe« Ni, Pd, 
Pt, Cu, Zn, Cd, AlW^fflA'^TM 

ifzb ziz&mtemmh. %2com®b lt, 

Ag, Au, In, Sn, Pb, S bOlvffl^Sr-gvC 

T(i, HSS^«3t5J:^4 > tSSiiBB-fl». tsvm 
S n SriiS^i: t Xtah b % ft 1 <9&EI£fc I 
T, Ti, Zr, Cr, Mo,W, Ni, Pd, Pt, 
C d , A 1 ^-ffdi^Lxm. Ltz b £ (cAtf&iS 
*#*§<o*l, ft20^JSMtLT, Cu, Ag, Au, 
Zn, In, Sn, Pb, S bWftlfr*it/.T®!$. 

±JfcfriU:$:2>i:#fcii, ftlO&MffilfcU:,. T 
i, Zr, Cr, Mo. W, Fe, Al«^fil*»*i 

^xi&i&iKbZkmtteMitfnbti. m2co&m 

t LT, N i , Pd, Ag, Au, Zn, Ga, In, 

5 i , G e , S n , P b , S b<9Vvfft*>££-A,T'flij£ 

[0041] S&fc, ftKO&SliCoVvCJi, V^V 

r zttfzi'-v* v 7*immifrh®!mizm®tf 

UzbZb, VyT47 (a-AljOj) , ^t'- (a 
-A 1 2 0 3 : Cr ) , 53I(S i 0 2 ) , Mg A 1 
2 0 3 , MgGa 2 0,, NdGa0 3 , LiGa0 2 , Li 
A10 2 , ZnO, MgOWmiVfomLtZifLXtt. 
Ti, V, Zr, Ta, Cr, Mo,W, Fe,Co, 
N i , A 1 , Si, Ge^v^^A/efgfiSLfci 

6 lZ&1ff%&%i)<miX. G a N^gflSBjgfcfcfcf L 



TJi, Mg, Ti, Zr, Cr, Mo, W, Fe, C 
o, Ni, Pd, Ag, Zn, Al, Si, Ge<DWf. 

[0042] ft 1 tJ Jtfft 2<0^Jgji<0JSJP{c:o 

[0043] ft 2<?&mmmi$ zxm&mmn 1 o 

nmfcfflfeU:**, ft 1 CD&mmm *%ttzb 1 
b. fmtf7 nmWSUiZtotzbZHZ. ^lA-Hfr 

m $ £&Si&OTE8<I (3nm)tUi^ttt. WW 
1 2 n mgJKfcl&ofc i: t K, x A-gBa^Uffi 

X\ 0. 5nmJ2lb&*a*W»-9fc. 
[ 0 0 4 4 ] a»t, ft 1 <%fc«g|c9lS$ Sr*HJS^® 
tf>3nmtCffl]6U ft 2 O&JSIBtOJIS 
<b, ft20^m^i4, Jttim»Wr<3aii^*V> 
&Jg-t*$>!.Au£JHVvO^?>-e, ftlO^SMfcitK 
**fcJW>-CfcflF3*l**«, RV^l 6nraffltt«f) 

fcfc->fc. mo^RttJreMI^TIRfi (0. 5 
nm) fcUrfc^toi, !&?#2 5nmmgfc:5:->&i: 

ifc. ft2O^«ISfcLTAu^k0«^aS^ 
UifcStCli, ±K8ffi£l 5nmfc-fi>.ri:##tfcU> 

#*ttoW«ftW{«ca->T. ??;yh*&Wm* 
L%^m&frt>milfi:bZ*>, 3nmWgXb~>t:. 

[0045] s^k, mm*$3ibx&m&£<& 
&MMs -?vyh&ftmt>ti&mzmtt:bz 

b. %2(T)±Bmf i K\iXhh^. 1~4. 5nra(0 
HSBfc&Sft 1 c^SKtC, m 5~ 1 5 n mOtSfflfc 
Si'Sft 2 O^JiMS:*® bttZb tmi IP 

ofc. ft2<%feJSJ^J^OAuJ,^)*mT»S*l 

1-4. 5nmc0Kffl(cS>l»ftlO^mK(C, MS 
3~1 0nmOBfHfc»Sft2^IUIIS:SJgLfc«Bi 

[0046] tLta^^J: p fc, ^ISfec^Hlfc i^t 

iMmnzft^xz&mi&m&xxs^&mi 

v*'\-mmizmixfrt>i-vTftmit:(ox\ 

^-m®fr^x^-±.miz$>h®mz3Mmzi-hz 

btfTZZ>b^i¥mi&tZ>. ZtHz£*).+v7ft 

ffimcosmmmmbtc^tz. *$m<v&m<w*H 

-rOJI^4 0~l 2 0,um 
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fl^fttT STL* 3 it *3tjfitf>»JB 

Of- -y rtfSttgOj: 0 fc&f-y 7W?->ffM.l h 

mmmizxzw zcoioizm<xK^t:^ 
mm\.wT*mm&wco£M&tfm#>x^h 

9 2 &mffit£S£t * i t «t 0 , iiSO«V i&RjR* 

CHJt«40lB2) lfcawc, ftlOftlOt 

(4. 5 nm) . Sg2tf>&JSlg (4. 5 n m ) Sr&cOlfl 

[00473 (jmookr. m2<?>&m) = (t 

i. Ni ) . (Ti. Ag) . (Ti.Au)> (T 
i. Ga) . (Ti. In) . (Ti. Sn) , (T 
i. Pb) . (Ti, Sb) . (Zr. Ni ) . (Z 
r. Ag) „ (Zr,Au). (Zr, Ga) , (Z 
r. In). (Zr, Sn) . (Zr, Pb) . (Z 
r. Sb) . (Cr.Ni), (Cr, Ag) . (C 
r.Au). (Cr.Ga). (Cr, In). (C 
r. Sn) . (Cr. Pb) , (Cr. Sb) . (M 
o.Ni). (Mo.Ag). (Mo.Ga). (M 
o. In). (Mo.Sn). (Mo. Pb). (M 

0. 5b). (W. Ni). (W. Ag). (W. A 
u) . (W. Ga) . (W. In). (W. Sn) . 
(W.Pb). (W.Sb). (Fe.Ni). (F 
e.Ag). (Fe.Au). (Fe.Ga). (F 
e. In). (Fe. Sn) . (Fe. Pb), (F 
e. Sb) . (AI. Ni) , (Al. Ag) . (A 
l . Au) . (A l . Ga) . (A l . In). (A 

1. Sn) . (Al. Pb) . (Al. Sb) . 
(0048] ±Ml^-tti?MX>-&b-£izt5^X t . f&& 

ja«2 9-3 5K/w*«ftfe<i, &mm&ziaibb 

Ztitz. 

[0049] m2cr&m®(r)wz£*mm<mmco4 . 

5nmKHSL^*^. SSI ^SUBwJJSSSEifck 



mmz ztmcDTmm ( 3 n m ) t t # cat, m 

mmmcr)3wmmz%'>K. fm^Tmiz^x 

%t-%mmBfS.mmtz%z,K>x. 0. 5 n m&±jm 
t tc . att. m 1 o^mMoff § ^memm 

(04. 5 nm(Cll£U !820&JSII?)ff§ 
V^JgT'J>-&Au£fflVv£i§&. if* i 2 0nmgg|: 

(0. 5nm) fctfcfcfcteli, I!JS#2 5 nmgglC 
>>xA-Kffl*^c^ffl1Sj&c0g^f 
*fc, JS2«AIUteL'CAuJJW<9tf 
mm^Uzb^iZit. ±mmil5nmb-ti>.Zb^ 

mtfrvt:. mco-miz^xit. 

yyb+#%lt*mvnMtf>£3X'S>'>X. ^yb? 

[0050] HW*a<ra3ELT4«ttJ:<A 
b. S820&«J£#AuT'&&:t§£. 1~4. 5nm<9 

**JB2«OAI«|*«Jitfc«»i:-f6Ci:3Wa*U*» 
ofc. JB2<04iWJdfiOAuja^)^Tib** 

1~4. 5nmtf)&H,.;:&|>3ll<0&J8i8fc. BUI 
3-1 0 nm^3gfflfc&£l&20&JSIR£«JIU;fii3t 
bthZbtmZLfritz, 

:gmmB3)$mcommuz}$^x. ws&tvy 

—TG a N <b L , fH 1 <%&m «2 ^AKM^^IB 

[0051] jatt. nji^ffi 1 izm$>¥mfti<- 
fmwmmmzmiz L^^m<mm<vmw 

[0052] 4D»fc. ^^ r F^0iS3i^^fflV^^>i^•C^ 
Sro-feX-SrjgJGafflLT. GaNHiC, 02t^ 

««-fS. *H56co®®{3fc^r, ffiK<7)J|C^i3 0 0 
mT'J> •) . Mft^^*<0a®*C0 r - ?)V<nm 
\mi0txmX'h->tz. 

[0053] G a N^SOSBafflJ*^ . flfSi t 
<0J?*$r. ji»6 0~2 0 0/iingK4"Cfc»<WW- 
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8 0~1 2 0;umfc. WM&mi-iZblfiaL&LW 

oojumfcuasu:. Vx^-<r>$mnm®miz 

[ o o 5 4 3 at, vx>\-mizm 1 o&hm. ^2 
<o*iwt«a3BRLfc. z zx\ m 1 co^sKwais 

?**GaNfc**tt#J:<, S&fc. 

mfcL.. ®2<O^RR*K)f lOnmfcUfe. CI Oct 3 

mmmixt$<o. ^mmmxhz^mim^ 

A *yrv-T4 v?&&xrt'y ?W&Dmcr& 
&*m^Xi>&^Zb\iMo*XW\ ^xa-SI 

v^-<Dm®Wfrt>vx^-zmfrixmmizB$.z 
iiKmmvm-t&zbtfxzt:. 

[0055] -£Oi&. f- •/ 7°-ft%lTfHz J: 0 , >>jA- 

aToxoizmmuz. wmm&±izixxT-i;±iz 
-imfrixzmtmzmzix, mxtimzrn 

X>hl. ->iA-il(GaNlt) tr-f-vtyH 
WshX'XfJJ'fJ'O'ZMit:. (SAftftKti. 
02 fcfcV^TlS^ 2 2 0 T^£iVO^ l^— f f- >y TO 

SCtT, ®*V>U-?1->y7&mi,t:. ZZX'liX 

?n t'y?mz x z>i- yr^puMiz^xmm it: 
momfobm* mmMixi-v7$ftmth 
jr&x'&tM. m®iz7y4x>vmmx°b*), z<d 
xo%te<vmzm^xi>. mim&mtizztte 

Wo£thfr\ f&v&mblX. v^V-fclXti 

x.*is^v-ym<?>\'-yft<?>mm®kbx<n 

mmftltX 0!B»»te^9 'y^fc^tS-tf, £*t£* 

[0056] CIO J: o fc, ^f&BJItfc^-ai. SE^g 
Of, ^rtfSttgtfcUT^x^-M^flfflfi} 

[0057] mz. yAif-vfiV'/mzs.*), v-*f 

?>y7imm&±.izw>hl,t:. znxmu. UT 



oxuzmmuz. t-r. miiz7j&ii&cr>bm®?>3: 
nm^ f\yrtm»lft: *m&<vfm£ts^x. 

3&mmiC ubKHFe t±#b1-&&8tfr$>% 

t><DX'hh. Ay/dt i n5rfflv\ <cO*£fij£ii& 
OJ5^m~2 0/zmmKT*-55t. AyyjidOip 

x*v*m. mm. 
om^ i o v "csnfi t , nvyimm. t 

Z bX\ IMkhtliz -y TfclfiBffllfrTfc LT 
Sfcfc, iSffiS'SSSJDi^^, iSSfcl. 5# 

h£o£lXi>&\ 

[0058] zoix. mnz5ntt:<Dbmm^mm 

[0059] xiaistc J: o y h Stlife r f - y 

mwvzbzz. m2co±mmn. iibA,zn"\>y 
izmir^x-itixn^x^K^jj. mw&mm 
\t*<DttGaumuzmixn'>x»t:. o*o, 
3^commcvm#is--*mmz}3^x\t, sj^s* 

WJ) fci^)U|[3nm<7)^10#iSKS:^tT#« 
ttu— f^«y7-^v^yh$nrv^. ^rfe, *HSSo 
»«fcfc(tl.B 1 cr&m. m 2 <0^RRii%<0fi»^ 

[0 06 0] (SlOifeJSffi, m20^JSK) = (T 
Ni ) . (Ti, Ag) . (TI,Au), (T 
i. Ga) . (Ti. In), (Ti, Sn) , (T 
i, Pb) ; (Ti, Sb) , (Zr, Ni ) , (Z 
r, Ag) . (Zr, Au) , (Zr, Ga) , (Z 
r, I n) . (Zr, Sn) , (Zr, Pb) , (Z 
r, Sb) , (Cr, Ni ) , (Cr, Ag) , (C 
r, Au) , (Cr, Ga) , (Cr, In), (C 
r, Sn) , (Cr, Pb) , (Cr, Sb) , (M 
o,Ni), (Mo, A g ) , (Mo. Au), (M 
o.Ga), (Mo, In), (Mo, Sn), (M 
o,Pb), (Mo. Sb). (W. Ni), (W, A 
g) . (W. Au) . (W. Ga) . (W. In) . 
(W. Sn) . (W, Pb) . (W, Sb) . (Fe. 
Ni ) . (Fe. Ag) . (Fe. Au) . (Fe. G 

a) . (Fe. In). (Fe, Sn), (Fe.P 

b) . (Fe. Sb) . (Zn. N i ) . (Zn. A 
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g) , (Zn, Au) , (Zh, Ga) , (Zn, I 
n) , (Zn, Sn) , (Zn. PbL (Zn t S 
b), (Cd, Ni), (Cd. Ag). (Cd. A 
u) , (Cd. Ga) , (Cd, In) (Cd, S 
n) , (Cd, Pb) . (Cd. Sb) „ (Al. N 
i), (Al.Ag). (Al, AuK (Al, G 

a) , (Al. In) , (Al. Sn) . (Al. P 

b) (Al. Sb) . 

±M^-ftwm*£irt:lzt5^X t . MJiffi2 0~2 

8 k/w«w»*u m.mm 1 <* o t» &i&%®&m. 

& t j: * fcofcJRfcti* . *<o«i<oja 

1 0 0 6 1 ] mz . 9 1 Jtfi82<^JBW<0iWfco 

[ 0 0 6 2 ] 31 2 co&mffilOJfS £*H$fe^©tf) 1 0 
■nmfcfflfcU:**, SSloaWtoWS 

JBW*«7ning*fc*->fck*(C.. fxA-i»> 

*im<rymm ( 3 n m ) t u: t # 

1 2nm&Kfc:55r-3fcfc£t£. *>x^-Rffia>£><^® 

*WIBK«*»Hifc**<0T. 0. 5nmJ2lbWa4L 

[ 0 0 6 3 ] ffifc. * 1 <%fc«I&9JS § £*HSfe<0ffi3il 
03nmfc|SJ£U Sg2<%&Elg?C9J¥$ CI 

^, m2^JSHfc{i. jt«mffisrc^®g$<oigf^ 

^JRT'&SAu^fflV^TV^O'C, Slltf)&Jil£i:ifcig 
-r&tff^TtrFSfL^^. HJItfl 6 nm^JStl^-o 

mo&IIMaflt3&ffi£0TIRtf (0. 5 
nm) fctfcfc&fctt. ffiUJ# 5 2 5nmgjgfc&^>£t 

ofc. *fc, »2<o&SWfcLTAuJ;W<a*m*»e 
Lfc * twti. ±|8ffi£ 1 5 n m fc & Z k tfftt U> 

L&^R^^WrUrfcC^. 3nmggt**-5fc. 
[0 0 64] $<?>(;. iW*^^LT4«ttJ:<Ji 
#=Sr#giJ. v?Vh&###^;h.£>^£8^U:i:£ 
^. S82<^JR$ttfAuT;&.&i§-£. 1M. 5nra<0 
«BB(Cft£SlO«KRtC. B8P5-1 5nm^Ifc 

ofc. S2£O^Jail*i±^(7)Au^<7)^-C&SJi 

1-4. 5nmOKHtCfcSSl^SMt. IBIff 
3-1 OnmOKeWc&Sg2O&RRfrK0Lftmi 

[0065] ULh. lat^JBl. 2. 3fcfcV^-C.>N 



y^S- I n k ZtM. £&mik IX I n 

fcJK^fl^VTWCfcAvClnfc. Ag. S 
n. Pb. Al. Ge. G a.n^-fjxfrtftB.'&Ztlt:^ 

yr«^tfcv^t>^sfe<o)g©i. 2. 3tmwm 

Sn (Snl0wt%) kL. Jf5 KD&Jgffil. &2(T>& 

mmtdwrn^frt k t^AWi. m&<mm 1 1 mm 
izLx^mftis-vm&zimLK. fc#u ^yh 
f$*»i&j£tt. ^yyvwmBuzbitftx. 330 

•CK33SL*:. 

[0066] (SfSKD&JRffil. %2<?)&Jg,®) = (T 
i, Ag) . (Ti, Au) . (Ti, In). (T 
i. Sn) . (Ti. Pb) . (Ti. Sb) . (Z 
r. Ag) . (Zr. Au) . (Zr. In). (Z 
r. Sn) . (Zr, Pb) . (Zr. Sb) , (C 
r, Ag) , (Cr, Au) , (Cr, I n) . (C 
r, Sn) , (Cr, Pb) , (Cr, Sb) , (M 
o,Ag), (Mo, Au), (Mo, In), (M 

0, Sn) , (Mo, Pb) , (Mo, Sb) , (W, 
Ag) , (W, Au) , (W, I n) , (W, Sn) , 

(W, Pb) , (W, Sb) , (Fe, Ag) , (F 
e. Au) , (Fe, In) , (Fe, Sn) , (F 
e, Pb) , (Fe, Sb) , (Ni. Ag) , (N 

1, Au) , (Ni, In), (Ni, Sn) , (N 
i, Pb) , (Ni, Sb) , (PtSi, Ag) , 
(PtSi,Au), (PtSi,In), (PtS 
i. Sn) , (PtS i, Pb) , (PtS i , S 
b) , (Al, Ag) , (Al, Au) , (Al, I 
n) . (Al, Sn) , (Al, Pb) , (Al, S 
b) . 

[0067] ±M&^-?ti<m*-$i>-£izi5^x *> . m. 

mM2 9-3 5 K/W##£*u *4)ffi<0j£fc:oi,vc 

tut. &&%®(ojmiz'o^x\&. mi<rmm 
uzjpLtwkmt&wiz&^x. gmmmikm 

:mi&mm5)mm<r)mm3izt5^x. >w?*v* 

SnAg (Sn5wt%. Ag2. 5wt%) kt. §5 

lo&m®. m2<o&mm<Kc?>M&£i>itkLtz® 
it. mmmmi k ®mz Lx^mftu-ymszim 

W&lztib-ZX, 3 2 0Vlz$3s.ltz. 

[0068] (mi<7)&m&. %2(D&m) = (t 

i. Ag) . (Ti. Au) , (Ti, In), (T 

i.Sn). (Ti.Pb). (Ti.Sb), (Z 

r. Ag) . (Zr. Au) . (Zr. I n) . (Z 

r. Sn) . (Zr. Pb) . (Zr, Sb) , (C 

r, Ag) , (Cr, Au), (Cr, In), (C 

r, Sn), (Cr, Pb), (Cr, Sb), (M 
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o,Ag), (Mo, Au), (Mo. In). (M 

0, Sn) , (Mo, Pb) , (Mo, Sb) , (W, 
Ag) . (W, Au) , (W, I n) , (W. Sn) . 

(W. Pb) , (W. Sb) . (Fe. Ag) . (F 
e.Au), (Fe, I n) . (Fe, Sn) , (F 
e, Pb) , (Fe, Sb) . (Ni, Ag) , (N 

1, Au) , ( N i , In) (Ni, Sn) , (N 
i, Pb) , (Ni. Sb) , (Pd, Ag) , (P 
d, Au), (Pd, In), (Pd, Sn) , (P 
d, Pb) , (Pd, Sb) , (PtS i, Ag) , 
(PtSi,Au), (PtSi, In), (PtS 
i,Sn), (PtSi,Pb), (PtSi.S 
b) , (Cu, Ag) , (Cu, Au) , (Cu, I 
n) , (Cu, Sn) , (Cu, Pb) , (Cu, S 
b) , (Zn, Ag) , (Zn, Au) , (Zn, I 
n), (Zn, Sn), (Zn, Pb) , (Zn, S 
b) , (Al, Ag) , (Al, Au) , (Al, I 
n) , (Al, Sn) , (Al, Pb) , (A 1 , S 
b) 

8 K/wamtt, %fto»A4 «t o *> &mm.m 

WmZZtlt:. iWi, -9-7 r-f Tfcit^T, GaNcD 

im&ztitz. s&t, &&momiz^xit. m 
mmmsizTjkitzotmmmiz&^x. mmoBm 

[0069] jy±. mmmmi ,. 5 iz&wx , >\y? 

£PbSn (Snl0wt%) i,U<liPbSnAg 
(Sn5wt%, Ag2. 5wt%) tU**, Ztl 

Ti>£\i\ Pbfc. Ag, Sn, Sb, In, Ga, Z 

n, GewiKfrtfm-sztifii^yyttniz&^x'i* 
tsmmme d mmmm 1 izmi^yy* snt 

mxzbbitx. 2 6 0'OOTU:. 

[0070] miv&m. m2<?&mm) = (t 

i, Ag) , (Ti, Au) , (Ti, In), (T 

i, Sn) , (Ti, Pb) , (Ti, Sb) , (Z 

r, Ag) , (Zr, Au) , (Zr, In), (Z 

r, Sn) , (Zr, Pb) , (Zr, Sb) , (C 

r, Ag) , (Cr, Au) , (Cr, In), (C 

r, Sn) , (Cr, Pb) , (Cr, Sb) , (M 

o, Ag), (Mo, Au), (Mo, In), (M 

o, Sn), (Mo, Pb), (Mo, Sb), (W, 

Ag) , (W, Au), (W, In), (W. Sn), 

(W, Pb) » (W, Sb) , (Ni, Ag) , (N 



i, Au) , (Ni, In), (N i, Sn) , (N 
i, Pb) , (Ni, Sb) , (PtSi, Ag) , 
(PtSi, Au), (PtSi, In), (PtS 
i, Sn) , (PtS i, Pb) , (PtSi, S 
b) , (Al, Ag) , (Al, Au) , (Al, I 
n) . (Al, Sn) , (AU Pb) , (Al, S 
b) . 

[0071] JJEV^<Dfi*£*rti:fcfcVvc fc , m. 

m. 2 9 ~ 3 5 k/wh<o*u mtbco&m 1 1 w&n 
ymmmnt:. wmtiiz-o^xh. mmmm 
iiz?mifzi>cotm<mgkwm!i2tifz. 
&&gmmiz'o^x\t. %m<mm\^Ltz<r>b 
mmmz&\yt. mtemmimwmmm$>ix 

immmi^mfcmm3\izmh*yy*snK 

u (Au 1 0wt%) fcU flllO&ML 8S20&K 

mm.it. ^yycomm§j££bbitx, 2 5 o-ciz® 

Wife. 



[0072] 




m2<7>&mm) = 


(T 


i , 


Ag) , 


(Ti, 


Au) , 


(Ti, In) , 


(T 


i , 


Sn) , 


(Ti, 


Pb) , 


(Ti, Sb) , 


(Z 


r , 


Ag) , 


(Zr, 


Au) , 


(Zr, I n) , 


(Z 


r , 


Sn) , 


(Zr, 


Pb) , 


(Zr, Sb) , 


(C 


r. 


Ag) , 


(Cr, 


Au) , 


(Cr, In) , 


(C 


r. 


Sn) , 


(Cr, 


Pb) , 


(Cr, Sb) , 


(M 


0, 


Ag) , 


(Mo, 


Au) , 


(Mo, In) , 


(M 


0, 


Sn) , 


(Mo, 


Pb) , 


(Mo, Sb) , 


(W, 


Ag) , (W, Au) 


, (W, 


In), (W.Sn), 


(W, Pb) 


, (W, 


Sb) , 


(N i , Ag) , 


(N 


i , 


Au) , 


(Ni, 


In) , 


(Ni, Sn) , 


(N 


i , 


Pb) . 


(Ni, 


Sb) , 


(Pd, Ag) , 


(P 


d. 


Au ) , 


(Pd, 


I n) , 


(Pd, Sn) , 


(P 


d. 


Pb) , 


(Pd, 


Sb) , 


(PtSi, Ag) , 


(PtSi, 


Au) , 


(PtSi, In), (PtS 


U 


Sn) , 


(PtSi, Pb) , (PtSi, 


S 


b) 


, (Al 


, Ag) 


, (Al 


, Au) , (Al 


s I 


n) 


, (Al 


, Sn) 


, (Al 


, Pb) , (Al 


v S 



b) . 

[0073] ±s^i'ti<m^b-tizt5^x t, , m. 
stte2o~2 6K/w#m*i, mfamm iots 

r, GaNcm&m#&n%ztiziz>h<r)t!gj>ix 
1. *offi*>jftfcovvc't>, mmmmnzsemit:^ 

t, ^<r)Bm2>&£vibwmmm i ®L>ixtz. 
[0074] &±. gmmmt , 7fcfcwr, >\yy 

jSntKIJSnAu (Aul0wt%) b 
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WftCtttW Snfc, Ag. Pb, Sb, I n, Z 

ik c u , Auw-rtifrffm-sztitz^yym-Hzii 
\*x t>miwjm6 , 7 fcn«^s&m^f 
cigte<o^®8 d siife^® i fctsfta Ay^fc a u s 

n (Sn20wt%) fc U SfSlO&Sit, SI2W&S 

^iSgli, Ay^coSilffiJgK&fctfT, 3 3 0^^ 
SU:. 

[0075] (S&l<9&Jiig, $&2*>£«K) = (T 
i, Ni) , (Ti, Pd) „ (Ti, Ag) , (T 
i, Au) , (Ti, Zn) , (Ti, Ga) , (T 
i, In), (Ti, AuSi) , (Ti, Sn) , 
(Ti . Pb) , (Ti, Sb) , (Zr,Ni), 
(Zr, Pd) , (Zr, Ag) „ (Zr.Au), 
(Zr,Zn), (Zr, Ga) , (Zr, In) v 
(Zr, AuSi ) , (Zr, Sn) , (Zr>P 
b) , (Zr, Sb), (Cr, Ni ) , (Cr, P 
d), ((Cr.Ag), (Cr.Au), (Cr,Z 
n), (Cr,Oa)..(Cr, In), (Cr, Au 
Si), (Cr, Sn), (Cr,Pb), (Cr,S 
b), (Mo, Ni), (Mo, Pd), (Mo, A 
g), (Mo, Au), (Mo, Zn), (Mo, G 

a) , (Mo, In), (Mo, AuSi), (Mo, 
Sn) , (Mo, Pb) , (Mo, Sb) , (W, N 

i ) , (W, Pd) , (W, Ag) , (W, Au) , 
(W, Zn) , (W, Ga) , (W, I n) , (W, A 
uSi ) , (W, Sn) , (W, Pb) , (W, S 

b) , (Fe, N i ) , (Fe, Pd) , (Fe, A 
g), (Fe, Au), (Fe,Zn), (Fe, G 
a), (Fe, In), (Fe, AuSi), (Fe, 
Sn) , (Fe, Pb) , (Fe, Sb) . 
[0076] ±S£^Ttl<7)m?)-&bitl,Zi$^X t , 

i£ffi2 8~3 4 K/W&6*u mifoOBm 1 b 

i &iett tfc t «o £ nz&mmms.* tit: . 

n (Sn20wt%) fc L, m<0&gJlt, SS2tf)&JB 

ffi&Ku, '\>y<?>wm£iizi>itftx , 3 3oict^ 

51 U:. 

[0077] (JSIOAMR, S2«>£JW) ^ <T 

i, Ni) , (Ti, Pd) , (Ti, Ag) , (T 

i, Au), (Ti,Zn), (Ti,Ga), (T 

i. In), (Ti, AuS i ) , (Ti, Sn) , 



(Ti, Pb) , (Ti, Sb) , (Zr, Ni), 
(Zr, Pd) , (Zr, Ag) , (Zr, Au) , 
(Zr, Zn) , (Zr, Ga) , (Zr, In), 
(Zr, AuSi), (Zr, Sn), (Zr,P 
b) , (Zr, Sb) , (Cr, Ni ) , (Cr, P 
d), (Cr, Ag), (Cr, Au), (Cr, Z 
n), (Cr, Ga) , (Cr, In), (Cr, Au 
Si), (Cr, Sn), (Cr, Pb), (Cr, S 
b), (Mo, N i ) , (Mo, Pd), (Mo, A 
g), (Mo, Au), (Mo, Zn), (Mo, G 

a) , (Mo, In), (Mo, AuSi), (Mo, 
Sn), (Mo, Pb), (Mo, Sb), (W, N 

i ) , (W, Pd) , (W, Ag) , (W, Au) , 
(W, Zn) , (W, Ga) , (W, In), (W, A 
uSi ) , (W, Sn) , (W, Pb) , (W, S 

b) , (Fe, Ni ) , (Fe, Pd) , (Fe, A 
g), ( F e , Au ) , (Fe,Zn), (Fe, G 
a) , (Fe, In) , (Fe, AuSi ) , (Fe, 
Sn) , (Fe, Pb) , (Fe, Sb) . 
[0078] ±m^-fil<m^bMl l Zt5^X i> , 

an 9~2 6K/w#*i£,*u $m<mm8£ r )i>& 

h . *<m<o£nz^ux t> , mmomm 1 tie® *> 
tov^rii, $m.<7)mm3\z^Ltz<7>tmi$mi l zto\^ 
[0079] jyjh, mmmms. wztswx. >\>y 

JAuSn (Sn2 0wt%) tW, Ztlit. 

mt ixAuiMi>&<-&ttmwsy#mt>ii 

\\ .. AuC, Ag, Sn, Sb, I n, Ga, Ge, 

s iw^tifrtfMsztitz^yytfmtz&^xijZm 

[00 80 Hit, mm?MBl%^l,9lzt5^Xlfr< 

^muztiua, ztiztimxm^miiz 
m&ztiKmtti. ±M(Dmm->x%mi& 
m&zvm2&&mvx.^-mizmmixfrt>~? 

xmzwzmtcow&timLxfotzik&zttiK' 

it:. Sfcfc, JJEBMHfcUfctfoT , Ull&JII&fcJ: 

mimmnrbimLx. mxnmbA,b-m>t>%^ 

i>\ tfL*|6l±Lfc. difcJ:9, m&kbX. &ttft 

tmftu-^mmz. &&&&<mttzzbtfx'%& 
cm&c?mmi od 03Ji*^conis<^®i o<o^ 
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i o i my r 4 rmsix-h o . tnhizwm&m 

mftommfa i o 2 <mmizit. ntiio3, pis 
1 04*w^fi-cv^. jjLh*^ *mm<mwr>¥m 

f - 7 7#ft 3 0 O i: Pf ^. ^sfti'— r * 7 7*<Ogffi? 

fcW7T'(7Sirat:(t mo&siBi3 0 5, m 

2(^JiM3 0 6**|g<t^-CJ3 9. S^tw, iti^t 
l&T&m 1 0fc^fcAyr3 1 2#tor$*lS£i: 

fccfc 0 . ^^^-iff-7r^S}§»^3 1 Q<r>±.m 
1 2Wzii. m2<r)&mmnt >\ym 

®t<r>$&1f-Um&Z1xX^&. tta. nm@103 

\t. ^nm^~^ty^^3 1 3fc-cm&fWd£&s 

*U P^fiSl 04(ity3 1 1 1 74-^3 1 4 

3 1 0 1 imzzixfzmmmm-iznmizmzti 
xm. ztuzx*). *mm<mmco¥mto)/-~ mm 

[0081] m4n^m&commizm^^mwu-^ 

u~y*v7i3Limfo3 1 oiz~?vy h-t&momi 

oo<7)mmut. mi<7>&mm5ixfm2(r)&mmo 
6mj&.i$tix&*). tt:. f&2co&mm3 0 6iz\tt 
z*>zz?>izmtfmxm<%ix^hm (mm> 

320) i)WfhtLX)i*). ZZZMlX. f-77*KH 

mfrimcommt: smth z t tf*imiz%ix^&. 

mm320l,i. JSWl5 0/xm, jgjigtSilf 1 O^trncO 

-^mm>t>mizm?t>tix^i . 

[0082] OTfc, 03fcJ;tf@4£#!Sboo#|l 
[00 83 ] ttfcfc. *»»3IH s «)Wft.»Ci8VTife<ir V> 

tz- m 2 Lizm^mmw^-fmmfimB^ 
0 am? s> 0 . &it®%*mK<?>mmft 1 0 20 k-? 

jWW-Mm 1 5 ju mT'J) o Jt . 
[00841&K. t^OSffi£US®U:J:d(c, if 
7:M7SK10 10Mm»b* W®t,L<<ix.yf- 

ji^4 0~12 0^mgKi-C^<PS-fS. :a 
14. &cOXgT\ ^xA-frtfiiJUI^cOU-^yT 



-i c mm$?-i>mwz&iii.t&aritMt. 35-8 

flBC&WttiU ^0$£JflVvc^xA-<oJf*£l 2 0 

muc. v*j\-comMim®mz£*)®frtix^&<o 

^xA-^gnfflrt^ >)iA-ii(:|SJ 

[0085] 7 x A-IBBK1R 1 <^JiM3 0 
5, ®2<0^MK3 0 6^jr<j^JSLfe. ZZX\ mi 

<r&mk3Q5\tmx-bh*ryT4Tbm&ti l x 
<, u~ ?*>v?z~?*7>Ylrhmzj\y?3 

i2tmiiUz<\^!g,zMtetz>mm*). tn* 

m2cr>&g,®3 0 6iz\^ W>Y<rMlz. mi^y? 

ifr^JBUcifcVvttt. SSl<^JiJ83 0 5i:UTjS»3 
nm»Moi»«L, m20^JBfiO-g?t tTJiJ¥3 
nm(?5Au2:)i<jgg^t/c. ZCDXl*^ m^&M&Z 

mmmmKBfct&iz^ nmmmmixa 
*). ^M<mmx'i>z<&fmzm^t:i}K auvtv 
-t •< y^^7 ?>m<?>m<r&m*m^x i>&^ 

RJi 2 0 0 nmOAu&§/i>(CBglSL. 
7*M^^*Xhfc*fc®ia53 2 0{;m§fUtA 

fe^fc. t&2<r&fm?>-^t ixzuzhkauz 

^?->WfcLt:. ^rij, doxm{i'J7 h*7ifcfclR 
)SKj^S:fflV^t>av\ ®S^3 2 0tcfeV^T, «7x 
[0086] *<m.. J-v7ftWttmiz£ 0 . »7xA- 

±IBf#^C7xA-5-S^ s jmiim^xA 

*yhl. «7xA-^H (-9-7 r^7»K) t^-v^ 
yH^yht'^^5>f77'f>'S:A^^. iSAitmS 
{4, 02(CfcV^TlB-f 2 2 0t*$ilT^SU— f^-y 

aa**jni, x^^^ry^yizm^x^x^-t:^ 

•y7Srf^}L^. diTtiX^^'f t'y^tciS^-y 
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-^r^-^gya^jsivct, H«tf-«yr4MW 
[0087] zoi. o tc, *mizts^xte. Mw%m 

.[oossijwc, r-f^yr-f^&fciO. u—f 
oiafcimufc. t-r. H3t=*s*i6ja«»3o 

lfc, Ay^3 l 2»fjL*:. 43idtt»g!Bfc&» 
T, $f^3 0 mCui>L<liFe£±tti:-t£& 
Jga^ft 0 s -e^^HfcN i K/A u RMtfc.* * *B 
j£i5*Uti><DT'&£. *\y?3 1 I n£fflv\ 

zcomiZix&nmMii^otimngxb-otz. a 

SSSSfeOJBSUOj: a ££tt£tt3 0 1 |gfc&6a»M>R 
H*£fciWMtU*. sJ.£ s jfe8Stt30 1 * 1 

*a££l#m£«f#U ®2?)&Jlfl3 0 6fcA 
y^3 1 2 fcfcft .rtUCct'). ®2tf>& 

y^^fct^femsfc^Sfts^y^ 1 2<o-g& 

itltzk i4-c*iS^»ifc. 
[ 0 0 8 9 ] £ 3 LT . 12 3 (C^ Ufe*mfi<^»<0^ 

[ 0 0 9 0 ] ±iaigfcJ: 0 v>y hSilfcl^— fi-y 

7*3cfimfrt>m\mzmmtfix. mm^n® 
mm^kzb. mi&cvBmcoigr&km^xAu 
frt>%hm2<v&mm3 0 6te+Mzmwx\ %<ry- 
nifisv?3\2\mvTkLx-\,^x\^h<r>?>-x. •? 
vyhJLfflkmmzmtx^t:. si^KitfL 

^TwmmLxn^xti^, ±szm?tm2<7)& 
mm o 6i*?7rj 7wm&®£.w& itzmx-t, 



$>h A u tf-SBKigtt&tT^S ) JUtfSS 1 <o^s 
Ms m 2 <0&g|8S£:rt- fC¥#ft Tf - >x 7-#v»> y 

*m&U-<m®cr)®Mtjii:m%. UztZb, 3 OK/ 

[0091] zcomz&m-rh-fzwz^ Au^^im 
2<^mmzm^M3 2 ozmw%^mt*mm<m® 
t mix'b&mmoBm wtzztzimitittmu- 
■fmmnzm&m.tA28K/wbimr^t. \m 
mtx-b*). ^mmmm^uzxo^ ^-yr^m 
ig^t^xA-affij: mmmmmzt&izibizm 
mi3 2 0 imx t , namcmmmsm ix&h 

[0092] IS2<04«R&«*Lfcl3bWi. #HJfetf> 

a^xa, ^y bf^fWir it d^na^fSL 
tz. ztite, ^vvmz)\>yt$ufit&&wm t % 

B&Stifcfcfcfc, ^^v>yh*q^rtgfc^o^c:fc 
[ 0 0 9 3 ] SI 1 O^JR|g«0«1Ef^ n i t JCi.fcl3bWi 
IS!i5*fa!U 3»tt«;Srtl£Lfcl:i*, 4 0K/W 

iiTV^tcOT-J>l». V^yb$ti7tl^— f^-yT-^ 

sttuvx^&fflw&tyti. zommmvMmii. v 
nzmir&A,x- 1 1 0 ttmm% iwmz , v>yh 

iS+tcSiiSS^iaRi: UT^l *3<tt/®2v7)^JS)l*« 

**Ay^-aaa^*t. #<«o<s«T^sn-ct* 

[0094] &±<D*m*&9tt & t<):<0J: 0 . 

*fc*>fc» ^yhismc^yrtigto-^a^JSir 
w, 2 com,m.<m^h^k tx , ntt<o«n 1 tcaas 

[009 5] §/i>^, Sllc7)^SMtOV%T{i, V«>y 

<mT$>h. zn&izmmh t . m 1 co&mm 
<m^h-ttLx. mzmmuzimLteotmt 
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1 0 0 9 6 3 ifcfc. j^fcfclt&^RWllWfcov* 
[0097] SMNCtSWC fc AS*****??**;* <fc 

BRUafflteHt?**. 82tf>&JIBItf> 
JPSfcllft&^a'tTfcftS^OTISffi (3nm)t 
L£ t § fctt, $ 1 CD&mm<D'mtf 1 2 n mgKK* 

fctt, ^StMH»fc8Wfcfr*0'C, 0. Snmfil 
±#S* 81 <0&®!i<DJf § £i?i$?)T&HI 

(0. 5nm) k Urfc#{Cfet. Au£fflV^852tf)& 

^fe^BM(»^BflB(«^r«(c=5r-jfc. &2 
<04IWktTAuJ2W«*Wt»etfci:*fett, ± 
RIMS- 1 5 nmfc-rSifctfija L*^fc. MJf^TRS 

1-4. 5nmc0KfflfcJ>Smi^Jgli(cKJi 

3~ i o n mvimizbhm 2co&mmzmm tatm 
b-rizttmt &±tiK m&mz&^xh 

[0098] immmmmmizA^^m. 
ftizm&mzn^x t>®%w&mz%& * ? tzmmmz 

v>. fcfc'U f-y7TiB«fe^*»i«<oiiailk*2 0 

%wt. ff z i < <* i o %irRc>h§ < t&jrr 

[0099] filha^JtJ: o fc, *H5l<0McJ:^ 

^2^sis*«§^-cv^^a5S-«i^^-r\ + 

xm£±9Zm*?>mkHMLX\in±.2ithc\b 

tmkoBMi i ) mmmmi oicfewc, sr. ^ 
yy. ssio&js, m2co±mcom^b^. 9m<o 
mm 2 l 9 (cie®$^ t<ofc«i-fc««i» niso 
«n i o t BMkoiim*i/— f $m&ftm itzbzz. 

^?tl<Ql&*-£*>itlZt}^Xi>. mS&imi 9~3 2K 



kUCKffl^tJVyC, Hit^®10fcJ:^lk|p|^) 

CUSSES 1 2 D @5{i*3|BB<0||it^®l 2*>¥ 
»*l/-ir««*«rrtWB!P?»*. 0fci5WC s 5 0 
lttn-GaN»K-C'J>0, *<&±(C«fl»3WHWfe0 
«Hft5 0 23WB*Sn.TV>*.-4^ n-GaNSSi 

5 o i <omiz\i. mmtnwais o 3**. 

502 ossm* . p mss 5 o 4 

£m\^ntz^&v-v* : vT<rm&m&x'b o , * 

tMn-Ga NfflSTfflt(i. » 1 (D&mm 5 0 5** 

igtt^Tfeo> mm#5io±. mam 

?&m5 0 5bcrMiZf\y-f5 1 2*%tt§tll»C:k 
C«k 0, f"y7W*l«*5 1 0O±til 

Jg • «®§tiTV^S. ^^tL^rv^i, J\y?5 1 24» 
m2^JgH«^k^y^»^i:0^^*<-a5^ 
Jft3*VO**. 4fc, pmH5 0 4litfy5 1 lf7>f 
^514fc-cm^Wc^§^l'CV^|,. tV5 

1 1 k«±s:ifa*5 1 ob\mk^ixrz^uwm^nz 
■wmk&w&tixm. ztiizx*). *mm<vm<r> 
ymftu-^mmizmh^mftis-v^vTiz. m 

[0 1003 H6J4438»^»KBfcfflV^iNW|cV-ir 

•yrS-^rS«c5 1 OtV^yhf SfTOtt^Sr^LT 
V^, HfctJV^T, ^b^ i l i #^a««J5 0 2{i, 
n-GaNS«II!)*><o)lI{C. n-GaN^N'-y^rJieO 
1 % n-A 1 Ga I nNtf^!6 0 2, n-AlGal 
nN^2^7-yKB6 0 3. n-AlGalnN^H 
16 04, A 1 Ga I nN£S£^#F&ttJ§6 0 5, 
P-A 1 Ga I nN^ VM60 6, p-AlGaln 
N^7-yHS607. p-A 1 Ga I nN3V^M 
6 0 8*M$tlTli^$^TV^I». p;77b'160 
7*}ilfp3^^M6 0 8(ctt, A«»^A(^ff> 
UcXh^-frtttfOU 1 l#i£tf£>*U *Jt, p 
«ffi604kp^^«yh'»607k Olgfcli , 'J >y 
ftZm^X. n-AlGaInN/07^1609, P 
-A 1 Ga I nNdr^-y7-ii6 1 0#mft>tlX^&. 

znxoiz, *$mnwmzm^tz*mwv-*fi~»/7 

V>&, U-lf^yTttSffilBlfctt, SK^fe 

JSK 5 0 5 «t l^® 2 O^JSIS 5 0 6 §fl'CV'> 

[01013 WTtw, 05fc,WH6£#!&boo#H 

[01023 HW>tc; ^Nlfrlg^wSSjitcfflv^ii-CV^ 
Z7v*X$mgmmLX, n-GaNiS50U 
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4 o o u mx-fo o . &wm$mft<mmw 502^ 

[0103]&(C, n-GaNS*g5 0 l«Dgfflffl*> 

fcfKWw*. cwi, a*naiT» **a-*4hb 
Ul*«u— iff- •vri,zm\-?h<r>*®%i l z-?htzth<r> 

ISTfcS. *Mc, W-fW5?-fc*MW*fc»rtW- 
80~12 0Mmfc, flW>(ZlOEf« CI t 

»>xA-<7)Jf^Sr 1 8 Ojtm&SBBEU *<0&, ?5f®1JS 
fcfljvvr 1 1 Ojum&TPHBU:. ->iA-^iilii 

8») *»8»te«(Pr* fcttlfrt, , n-Ga N£&<9 

0 3&#JftUfc. n«&5 0 3{in-GaN{g|jK>II 
fc, Ti (30nm)/Al (100nm)/Mo (5 
Onm)/Au ( 1 0 0 nm) TBUSSil*. n!tffi£ 

*hbji&w»b l 3 1. { j m< mti t s n - g a n t 

^mfii#tt <*-5v?3>*?M!fci:<W>gSax) # 

Ufc. /^-Vtt, mfiBH20jum, 
Ojum^jEfrf&^tffcU:. 

[0104] mz. *?xJ\-m®£mz% i oakk5 

0 5, *^0^R5O6*JIQX#AU:. -ICT. JR 
l<04IW5 0 5J4«KT*4n-GaNi:»IHx*«j: 

5i2ta^t^-rv^js^s^-s^*<j>s. #n 

i«Cfc^tll gll<A&g|gi5 0 5fctil8i$4 n 
m<OMoJ, ®2O&gJl5 0 6tCli$If8nm<0Au 

t>*v*. Vx^-mffi{zmtt>titzztic 3 2m<?>&m& 

it. *«t=»V^)T. n«fig<7)^Sr^V>7t®agS6 2 
0. ^x^-coSBfflJA^^x^-Sra^LT^B^ 
*3*ifc»i*«B** £ #T# fc. 
[0 1051 *ott. f-yr4MWIStcJ:0, >7x/v- 

JJHtMifc^xA-fcMfc, 3fc?s®i»^£fflVV7xA 



^xA-gjg (n-GaNSt) izYA^ 
li, 06fcfcWCiE-S|-6 3 OT^SfcX^&U-lff-y 

rm\imz^xm^ftiiK mmm^m. m 
m*?jxxi->v7Zttmh-mx-hixtf. mmzrv 
4 xyhtfsjffiX'b*) , £*>.]; 3 &te<o#a£jflwt 

xummx-h^tz. 

[0106] ze>± o iz, 4WB*c«v^Tli, Sbj^s 

imzn< b& uzm\ * «y ymwmza^x x 
» n-Sis^ ^»*ffi«jt<ojiig*^igTfc -5 . 
[0107] mz y xv^< y?mz* "3. u~ v 
l-'vTH&mbUzwyhLt:. doigte, 
oidt^ffitTt. 05^§^3d#«*5O 
It, 1 2$-^fBUc. 3fs^it«o^S(c:fe^ 

t, SJ^*5 0 1{4Cu{,t<liFe5:±*i:-fS^ 

^$iX^t><OTftS. 1 2fcl4, I nSrfflV^, 

•e<Wi§W^iS^il~2 0/imgST*-5^. A 

yyazcox o izbcfrtibmifiizx *)m^m^.ix 
hx^t, mnmmmm. mam. xj^m. 
mm. * y*mzm^xi>£\\ fc#u int,L 

3&mm 0 1 * 1 9 O'CSS^Ayry'^S^.J: >5 
^Fi^V^STJPl?fet, Ay^SWik:^ ± 

ztiizx*). m 2 <r&&ms.> ■syy^zmmL, m2a> 
<mmtmt^ymf\tcr>i!&tf. H5fc*s<t*^ 

y^5 1 20-»t=JB*SW!:. Z&mZtt 

mi. Ay/«tfct:^t*i§^^. 
[oio8] lotx. m5^Liz-*9m<mm<7)* 

[0109] ISHMlzX •) wy h$^w-iff-y 
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f&2<D&BK5 0 6HU iSiA,fc'*<Ay^5 1 2fc»Jt 
5 0 5 it n - G a N&R(C«« 

■C'J>l)Au3&«-SP{C?§im^V^) fc«ktfffiUI3nm 

i o 1 1 o] mz. m&mzm&&%mmmiz^ 
xmt&. 

[01 l U jSMttctswc i>m%t&8tfft*>ti&i 

KttLfcWHfcHfc-C**. Sf52<o&JRHo 
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